Introduction. The main cognitive objective of the article was to compare muscular force moment values of extensors and flexors of the knee joint measured under static and isokinetic conditions in kickboxing and taekwondo athletes.
Introduction
In martial arts the key element of the initial preparation is shaping specific coordination skills -appropriate reactions to the opponent's actions, optimal use of their own technical skills [1] [2] [3] . Nonetheless, motor training constitutes an important link of the training process. As proven by studies athletes who achieve the highest sports results are characterized by a similar level of fitness [4] [5] [6] [7] . An essential element of rational motor training is diagnostics of its effects. Each training reduces exercise capacity of the body. It is restored only after some time, and then if training was conducted properly, exceeding of the initial values takes place -supercompensation [8] . Simple and objective assessment methods of training effects include the methods of assessing muscular force moments. They are used under static and isokinetic conditions. They provide various information regarding a given muscle group [9] [10] [11] .
In martial arts competition involves a clash of two sportsmen in a form of impacting the opponent's body in order to document own advantage. Kickboxing and taekwondo are sports disciplines in which the form of clash of competing athletes includes strikes using arms and legs. In both disciplines harsh measures of impact on the opponent's body are used. It can be stated that kickboxing and taekwondo have numerous common features [12] .
The main cognitive objective of the article was to compare muscular force moment values of extensors and flexors of the knee joint measured under static and isokinetic conditions in kickboxing and ITF taekwondo athletes.
Material and methods
28 female and male athletes practicing kickboxing and taekwondo ITF participated in the study. The athletes represented sports clubs from the Masovian Voivodeship. They were all successful in their disciplines -there were two medallists of the World Championship and the European Championship, and four Polish Champions. Biometric characteristics of the studied athletes are contained in Table 1 .
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Comparison of maximum muscle torque values of extensors and flexors of the knee joint in kickboxing and taekwondo athletes
The study of muscular force moments was conducted using Biodex System 4 Pro. The device assesses the muscular condition -strength and neuromuscular coordination; it is possible to test joints of the upper and lower limbs; in order to increase efficiency of exercises the system is equipped with a biofeedback option. Measurements of muscular force moments of extensors and flexors of the knee joint under static and isokinetic conditions were conducted. The study method was compliant with applicable principles. In order to conduct the study under static conditions the shank was bent at 90 degrees in relation to the tight, and the studied athletes performed maximum tension for 3 seconds twice. The isokinetic study was conducted using a standard test with an angular velocity of 240 [degree/sec]. The studied athletes had 5 attempts (the best results were selected) [9] [10] [11] .
In order to analyze data the basic statistical device was used -arithmetic means and standard deviations. To establish differences between the groups the Mann-Whitney U test was used, assuming p≤0.05 as the minimum significance level. Calculations were performed using MS Excel and Statistica 10 licensed by the Medical University of Warsaw.
Results
In the isokinetic study of the peak value of the maximum muscular force moment of extensors of the knee joint of the dominant and non-dominant limbs, men practicing kickboxing achieved higher values than athletes of taekwondo. Differen ces were statistically significant (p<0.05). Similar relations were not observed in case of flexors (differences were close to the significance level). It should be highlighted that in all attempts kickboxing athletes achieved higher results. Moreover, asymmetry of extensors of the knee joint and the flexor-extensor relation in taekwondo athletes was indicated. Significant differences of the studied parameters were not observed in women (Tab. 2 and 3).
The study of muscular force moments measured under static conditions did not indicate any significant differences between the groups in any of the parameters. Differences close to the level of significance were observed among men regarding the value of the agonist -antagonist ratio (Tab. 4 and 5).
Discussions
Objective measurement devices and specialized tests of special and functional capacity constitute an objective method to assess training effects, but they can also assess the risk of potential injuries of athletes [13] [14] [15] [16] [17] .
Measurements of the maximum muscular force moments measured under static conditions are most frequently performed to assess the motor preparation of an athlete [13, 16] . Isokinetic diagnostics is used to assess the risk of an injury of the motor system which may result from the fact that muscular groups work incorrectly [10, 18, 19] . Numerous authors highlight the need to maintain an appropriate relation between the level of antagonistic forces of muscle groups, especially the knee joint [10, 18, 20] . One of the objectives of the isokinetic study is to establish the muscle balance. Literature provides that knee joint extensor strength has to exceed the value of knee joint flexor strength at a 3:2 ratio [21] . Numerous authors assume the value of 0.6 as a standard value for the above ratio, the measurement's angular velocity of 60 degrees/sec, and increasing up to 0.8 during higher velocities of the isokinetic test [22] . On this basis Heiser et al. justified possibilities of injuries in case of non-specific values of the muscle balance [23] . A value of the ratio lower than 0.6 according to some authors should result in excluding the athlete from sports competition and commencement of preventive proceedings [19] .
A factor which favors injuries is asymmetry in parameters between the body sides. It has been confirmed that differences in values of sciatic-tibial muscle strength between the body sides exceeding 15% increases the risk more than twice [24] . The athletes studied within this study were characterized by significant asymmetry. Epidemiological studies prove that taekwondo athletes are athletes most exposed to injuries resulting from trainings and sports fight [25, 26] .
Enthusiasts of isokinetic tests and exercises, applying them in practice, confirm the fact that they ensure a possibility of a detailed study of muscular properties, as well as objectivisation of the results. Sceptics argue that patters applied in the tests and adaptable resistance constitute artificial conditions for muscles to work, which are not connected to activities which occur in everyday physical activity. However, there are many studies indicating that there is a significant relation between exercises performed on isokinetic equipment and specialist functional tests [27] .
It seems fair to continue and further expand the scale of studies of biomechanical indices and to include such measurements in the training, prevention and therapeutic process.
Conclusions
1. Kickboxing and taekwondo athletes were characterized by a similar structure of biomechanical parameters of the lower limbs (differences involved only isokinetic measurements in men). It may result from the implemented training -similar regarding their comprehensive and targeted preparation. 2. In taekwondo athletes (male) asymmetry which may predispose to injuries of the lower limbs was observed. 3. The obtained results may constitute a basis to continue studies on larger and more diverse groups of athletes.
